Introduction
The early stage of design selection is considered to be the most difficult, sensitive and critical process in product development [1] . Selecting the right design concepts at the conceptual design stage in product development process is a crucial decision [2] [3] [4] . In both academic research and industrial practice, AHP has been widely used to solve multi-criteria decision making. AHP has been implemented in almost all applications related to decision-making and is now predominantly used in the theme of selection and evaluation especially in the area of engineering, personal and social categories [5] . Implementing appropriate evaluation and decision tool should be considered at the conceptual design stage that involves many complex decision-making tasks [6] . AHP is based on experience and knowledge of the experts or users to determine the factors affecting the decision making process [7] . Majority of product cost and quality are fixed by selecting particular concepts [8] .
Analytic Hierarchy Process (AHP) Selection
The structured mathematical technique for multi-criteria decision making is called Analytic Hierarchy Process (AHP). AHP consists of three main principles, including hierarchy framework, priority analysis and consistency verification [9] . These methods enable people to make decisions involving many kinds of concerns including planning, setting priorities, selecting the best among a number of alternatives, and allocating resources. AHP was developed by Thomas Saaty to be an effective means of dealing the complex decision making [10] .
All the factors are classified into groups and each group is called level. Then, for the arranged in order according to the goal level, criteria level, sub-criteria level and scheme level. Implementing several similar steps in product development process, there are four design concepts of HMT as shown in Fig. 1 . Thus, it is necessary to choose the most suitable design concept by using AHP method.
Fig. 1. Design option
In this section, a hierarchy model for structuring design concept decisions using AHP is introduced. The four level hierarchy decision process displayed in Fig. 2 is described as below: 
Construction of pair-wise comparison matrix
The comparison matrix gives the relative importance of the factors in the current level with respect to some factors in higher level. It is usually given by pair-wise comparisons [11] . The number of matrices depends on the number of elements at each level. The matrix at each level depends on the number of elements at the level that links to it. Pair-wise comparison begins by comparing the relative importance of two selected items. The judgments are decided based on the experience and knowledge of decision makers or users. They have to be compared or judged for each distinguished element by using the Saaty's relative importance 1-9 point scale as shown in 
Somewhat more important
Experience and judgment slightly favor one over the other.
5
Much more important Experience and judgment strongly favor one over the other.
7
Very much more important
Experience and judgment very strongly favor one over the other. Its importance is demonstrated in practice
9

Absolutely more important
The evidence favoring one over the other is of the highest possible validity
2,4,6,8
Intermediate values When compromise is needed
The scale used for comparison in AHP enables the decision makers to incorporate experience and knowledge intuitively. The pair-wise comparison matrices of performance are much more important than temperature as shown in Table 2 . There are automatically assigned to each pair-wise comparison of criteria to achieve the goal. The evaluation vectors of priorities and overall priority vector step are involved. Calculation of the Eigen value is used to evaluate the vectors of priorities of the elements. In addition to eigenvalue method, the average of normalized column method is used for exact solution [12] . They are also analyzed in the mathematics priorities as: Table 3 . Calculate the Eigenvalue (λmax) and Evaluation of the Consistency Eigenvalue (λmax) calculation, multiply on the right matrix of judgements by the priority vector (PV) or eigenvector, obtaining a new vector. The calculation to get a new vector is shown in Table  4 . 
The comparisons are made through personal or subjective judgments. To certain degree, inconsistency may occur. To guarantee the judgments are consistent, the equation of consistency verification must be used. This is regarded as one of the most advantages of the AHP. Consistency ratio (CR) is the ratio of consistency index (CI) to random index (RI) for the same order matrices. RI matrix size are using standard as matrix 1=0; matrix 2=0; matrix 3=0.58; matrix 4=0.9. CR is used to estimate the consistency of the judgments among the pair-wise comparisons. The consistency test data is shown in Table 5 and Table 6 , where, it is defined as: The λ equation, must divide all the elements of the weighted sum matrices or new vector by their respective priority vector element, hence (NV/PV), Results and Discussion AHP analysis was performed using commercially available tool and the Eigen vectors for all comparison matrices to yield a set of overall priority for the hierarchy and consistency of the judgments. Elements shown in Table 3 are the overall priority vector considered for the criteria, and the elements in Table 6 represent the overall priority vector for alternatives with respect to criteria and Table 7 presents the alternative result ranking. The overall priority vector can be obtained by multiplying the priority vector for the design alternatives by the priority vector of the criteria. An example of the overall priority calculation is as follow The stage of design selection is the most difficult, sensitive and critical process in product development. AHP method was found to be the best method to do it, but it must be based on prior knowledge (expert advice) of users prior to the determination of affecting factors in decision making process. Alternatively, the other methods that are comparatively at par with AHP are concept screening, concept scoring and axiomatic design methods.
Conclusion
AHP is effectively applied in selecting the best micro Hot-Marking Tool concept among the four significant and robust alternatives. HMT design concept 2 is the most appropriate as per all the analyzed criteria. Since the Consistency ratio (CR) is less than 0.1, concept C2 stands at the top ranking with score of 0.269 (27%) followed by C3, C1 and C4 with their scores of 0.262, 0.238 and 0.231 respectively. Hence, based on requirements, C2 is selected as the best concept for the intended design and development of HMT. Application of AHP for selecting conceptual design at conceptual design stage can drastically improve the product quality while at the same time shortening the product development stages and processes.
